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ABSTRACT
The recent plethora of sky surveys, especially the Sloan Digital Sky Survey, have discovered many low-
mass (M < 0.45M⊙) white dwarfs that should have cores made of nearly pure helium. These WDs come
in two varieties; those with masses 0.2 < M < 0.45M⊙ and H envelopes so thin that they rapidly cool, and
those with M < 0.2M⊙ (often called extremely low mass, ELM, WDs) that have thick enough H envelopes
to sustain 109 years of H burning. In both cases, these WDs evolve through the ZZ Ceti instability strip,
Teff ≈ 9,000–12,000K, where g-mode pulsations always occur in Carbon/Oxygen WDs. This expectation, plus
theoretical work on the contrasts between C/O and He core WDs, motivated our search for pulsations in 12
well characterized helium WDs. We report here on our failure to find any pulsators amongst our sample.
Though we have varying amplitude limits, it appears likely that the theoretical expectations regarding the onset
of pulsations in these objects requires closer consideration. We close by encouraging additional observations
as new He WD samples become available, and speculate on where theoretical work may be needed.
Subject headings: stars: white dwarfs— stars: oscillations
1. INTRODUCTION
White dwarf asteroseismology offers the opportunity of di-
rectly constraining mass, core composition, envelope com-
position and stratification, spin rate, and magnetic field
strength (Castanheira & Kepler 2008). The ZZ Ceti H-
atmosphere white dwarfs (WDs) pulsate in normal modes of
oscillation (g-modes) where buoyancy is the restoring force
(Winget & Kepler 2008). These stars exhibit pulsations when
they enter the instability region, a discrete strip in the Teff–
logg plane that spans 11,000 . Teff . 12,250 K at logg =
8.0. This strip has been extensively observed and constrained
by numerous sources (Wesemael et al. 1991; Mukadam et al.
2004; Castanheira et al. 2007; Gianninas et al. 2007) and is
likely pure; i.e., all cooling WDs pulsate as they evolve
through the instability strip. These data offer insight into the
evolution of WDs (Fontaine et al. 1982; Cassisi et al. 2007).
The lowest mass WD known to pulsate is HE 0031-5525
at logg = 7.65 and Teff = 11,480 K and a mass of ≈0.5M⊙
(Castanheira et al. 2006). The known ZZ Ceti pulsators are
certainly C/O-core WDs, where the theoretical understanding
has been focused (Winget et al. 1982b; Brassard et al. 1991;
Brassard & Fontaine 1997; Winget & Kepler 2008).
Starting with Bergeron et al. (1992) and Marsh et al.
(1995), there has been a growing realization that many WDs
have logg . 7.76, implying core masses lower than expected
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for C/O-core WDs. These are expected to be He WDs made
from the truncated red giant branch (RGB) evolution of M <
2.3 M⊙ stars (D’Cruz et al. 1996; Dominguez et al. 1999;
Pietrinferni et al. 2004; VandenBerg et al. 2006; Panei et al.
2007). To form a He WD, a process removes mass from
the H envelope, quenching the H-shell burning that grows
the He core to ignition. Two modes of evolution have been
proposed to truncate RGB evolution: mass loss due to bi-
nary interaction and mass loss due to stellar winds. As a
progenitor star ascends the RGB, its radius increases rapidly,
eventually filling the Roche Lobe, and mass transfer begins.
If unstable, this mass transfer initiates a common envelope
event (Paczynski 1976; Iben & Livio 1993) ejecting the en-
velope from the red giant as the He-core and companion
spiral into shorter orbital periods (Taam & Sandquist 2000;
Deloye & Taam 2010; Ge et al. 2010). It is this physics that
leads to the expectation that He WDs should be in binary
systems (Marsh et al. 1995; Kilic et al. 2007b; Agüeros et al.
2009). However, surveys have uncovered significant num-
bers of He WDs that do not appear to be in binary systems
(Agüeros et al. 2009; Brown et al. 2010, 2011a). In stars of
high metallicity, the increased opacity in the envelope due to
metals can drive very strong stellar winds that cause mass loss
in excess of 0.5M⊙ during the RGB phase (Han et al. 1994;
Lee et al. 1994; Catelan 2000; Hansen 2005). Therefore, it
is possible that high metallicity stars may lose enough mass
on the RGB due to stellar winds to avoid He core ignition and
thus leave M & 0.4 M⊙ He WDs as remnants. Direct evidence
for this scenario is scarce, but may exist in the over-luminous
low mass He WDs in the globular cluster NGC 6791 (Hansen
2005; Kalirai et al. 2007; García-Berro et al. 2010). It is clear
that this wind mass loss scenario cannot produce low mass He
WDs.
Once formed, He WD evolution is different from that of
C/O WDs because nuclear burning may still play a sig-
nificant role, especially when M . 0.2 M⊙. Studies of
millisecond pulsars suggest that many He WDs are born
with thick ∼10−3–10−2M⊙ H envelopes (Alberts et al. 1996;
van Kerkwijk et al. 2005; Bassa et al. 2006a,b). These thick
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FIG. 1.— The logg-Teff plane. The dark-grey horizontal strip illustrates the location of the C/O WDs. The solid lines represent the fitted
boundaries of the empirical ZZ Ceti instability strip as determined by Gianninas et al. (2007) with the dashed line merely being the extension of
the blue edge. The dash-dotted line represents the theoretical blue edge highlighted for very low mass He WDs by Steinfadt et al. (2010a). We
plot only objects we have observed. SDSS J1330+0127, SDSS J1435+3733, SDSS J1448+0112, SDSS J2049+0005, and SDSS J2240-0935,
the stars, are from Eisenstein et al. (2006) (corrected by Silvestri et al. 2006 and Heller et al. 2009). SDSS J0822+2753 and SDSS J0849+0445
are from Kilic et al. (2010b). SDSS J0917+4638, the plus, is from Kilic et al. (2007a). NLTT 11748 is from Kawka & Vennes (2009),
Steinfadt et al. (2010b), and Kilic et al. (2010a). LP 400-22 is from Kawka et al. (2006). PSR J1012+5307 is from two sources, neither
obviously superior, van Kerkwijk et al. (1996) and Callanan et al. (1998). PSR J1911-5958A is from Bassa et al. (2006a).
H envelopes develop long diffusive tails into the He core
where the higher densities and temperatures can cause them
to ignite (Driebe et al. 1999; Serenelli et al. 2002; Panei et al.
2007). This ignition highlights a dichotomy in the evolu-
tion of He WDs. For He WDs of &0.18–0.20M⊙ (dependent
upon metallicity) the H envelopes are radially thin enough
that thin-shell instabilities develop and a series of rapid ther-
monuclear flashes occur. These flashes burn away the enve-
lope leaving only a thin layer of H which allows for rapid
cooling on timescales of 10–100s of Myrs. For He WDs of
.0.18–0.20M⊙, the nuclear burning is stable and provides a
dominant energy source that slows the cooling evolution of
the WD to timescales of several Gyrs (Serenelli et al. 2002;
Panei et al. 2007). From an observational standpoint, very
low mass He WDs (<0.2M⊙) may spend significantly more
time in a ZZ Ceti like instability strip than the higher mass He
WDs. However, no systematic search for their pulsations has
been undertaken. This is the goal of our work.
Some differences from the C/O-core ZZ Ceti stars are ex-
pected. Steinfadt et al. (2010b) used very low mass He WD
models (<0.2M⊙) with stable H burning envelopes and the
Brickhill convective driving criterion (Brickhill 1983, 1991;
Wu & Goldreich 1999) to locate He WD pulsation candidates.
The result of this work is seen in the “blue" edge boundary
depicted between logg =6.0–6.5 in Figure 1. Clearly, many
theoretical issues remain in pinpointing the precise location
of the blue edge, such as the effects of convective efficiency
and the use of more detailed fully non-adiabatic calculations,
which may move this boundary by several hundred Kelvin
(Winget et al. 1982a; Fontaine & Brassard 2008). For normal
mass He WDs (0.2–0.45 M⊙), the blue edge of the instabil-
ity strip has not been theoretically determined (though, see
Arras et al. 2006 from some preliminary calculations) and so
we naively extrapolate the empirical boundary of the ZZ Ceti
stars as determined by Gianninas et al. (2007) and connect it
to the very low mass He WD boundary. Given the many the-
oretical uncertainties and naive extrapolations, the boundary
depicted in Figure 1 is meant only to highlight the parameter
space in which to carry out our search.
In this paper we present our search for He WD pulsators.
In Section 2, we describe our selection criteria for observing
candidate pulsators using objects culled from a multitude of
sources. In Section 3, we describe our observational strategy
and analysis procedures. In Section 4, we present our obser-
vations of 12 candidate objects and our detection limits. No
significant pulsations have been detected, however, our detec-
tion limits may provide interesting constraints on theory as we
describe in Section 5.
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TABLE 1
OBSERVED CANDIDATES AND RESULTS
Object g′-SDSS log g Teff Reference Det. Limita
(mag) (cgs) (K) (mmag)
SDSS J0822+2743 18.3 6.55± 0.11 8,880± 60 Kilic et al. (2010b) 8
SDSS J0849+0445 19.3 6.23± 0.08 10,290± 250 Kilic et al. (2010b) 15
SDSS J0917+4638 18.7 5.48± 0.03 11,288± 72 Kilic et al. (2007a) 11
SDSS J1330+0127 18.9 8.1 ± 0.2 10,617± 452 Silvestri et al. (2006) 44
SDSS J1435+3733 17.1 7.62± 0.12 12,536± 488 Eisenstein et al. (2006) 4
SDSS J1448+0112 19.6 7.31± 0.18 12,142± 486 Eisenstein et al. (2006) 34
SDSS J2049+0005 19.7 5.48± 0.10 8,660± 144 Eisenstein et al. (2006)b 21
SDSS J2240-0935 17.6 6.96± 0.09 11,449± 205 Heller et al. (2009) 14
LP 400-22 17.2 6.32± 0.08 11,080± 140 Kawka et al. (2006) 4
NLTT 11748 17.1c 6.54± 0.05 8,690± 140 Kilic et al. (2010a) 5
PSR J1012+5307 19.5d 6.34± 0.20 8,670± 300 Callanan et al. (1998) 20
6.75± 0.07 8,550± 25 van Kerkwijk et al. (1996)
PSR J1911-5958A 22.2d 6.44± 0.20 10,090± 150 Bassa et al. (2006a) 16
a Reporting the best limit over a minimum of 1–7 mHz frequency range (where possible). See Table 3 for frequency range details
and multiple epochs.
b SDSS J2049+0005 is likely a distant A star (Eisenstein et al. 2006; Kilic et al. 2007a).
c Magnitude in Johnson B.
d Magnitude in Johnson V .
2. DETERMINING THE HE WD TARGETS
To select He WD candidates for observation we generally
select only those WDs with logg < 7.6 (a mass <0.45 M⊙)
and 7,000< Teff < 12,000 K. We select a larger range of tem-
peratures than suggested by ZZ Ceti properties (and the the-
oretical analysis of Steinfadt et al. 2010a), as non-detections
will constrain the parameter space in which the conventional
theory must hold. Of added interest is the potential detection
of pulsations in parameter space not predicted by theory.
We find most of our candidates from surveys looking for
other phenomena, e.g. the Sloan Digital Sky Survey (SDSS),
but we have also found candidates in single object papers.
Companions to pulsars have been found to be good can-
didates such as PSR J1911-5958A (Bassa et al. 2006a) and
PSR J1012+5307 (van Kerkwijk et al. 1996; Callanan et al.
1998).
Eisenstein et al. (2006) offers a catalog of WDs within the
SDSS that is the largest to date. They found their WDs
by selecting SDSS spectra using a series of color cuts and
then fitting to a large grid of WD atmospheric models. Ob-
jects with spectral contamination due to a companion star,
e.g. an M-dwarf star, were not de-contaminated and thus the
spectral fits obtained were often erroneous. This is an issue
for He WDs as their primary formation channel requires a
binary companion which frequently contaminates the spec-
trum. Many of these contaminated spectra were reanalyzed by
Silvestri et al. (2006) and Heller et al. (2009) in two catalogs
of close binary systems. In these cases, the derived param-
eters of Silvestri et al. (2006) and Heller et al. (2009) were
used. Since the SDSS sample did not target WDs specifi-
cally, the quality of the spectra of many of the WDs is low
as is the model fits derived from them. Therefore, we gener-
ally do not pursue SDSS targets unless additional spectra have
been taken. A few SDSS objects were observed early in our
program before this contamination was well understood.
Brown et al. (2006) performed a hypervelocity star survey
looking for B-type stars escaping the galaxy. They used SDSS
photometry to color select their B-type stars and gathered
high signal-to-noise spectra to search for large radial veloc-
ities. Given their color selection, Kilic et al. (2007a,b, 2010b)
made great use of this data-set, uncovering many low mass
He WDs. Kawka et al. (2006) and Kawka & Vennes (2009)
have used a similar technique to the Brown et al. (2006)
survey and searched for hypervelocity stars in proper mo-
tion data from a variety of sources (Oswalt et al. 1993, New
Luyten Two Tenths, NLTT, Proper Motion Survey). Their
survey has discovered some of the lowest mass WDs known
(Kawka et al. 2006; Kawka & Vennes 2009). These surveys
revealed dozens of candidates, only 12 of which are observed;
see Table 1. Of these 12 objects, 10 are potential He WDs and
7 are very low mass He WDs.
3. OBSERVATIONAL STRATEGY
The observations we executed followed a simple strategy.
Steinfadt et al. (2010a) showed that the expected periods of
pulsations range between 250 and 1,000 seconds. Extrapolat-
ing our knowledge of the ZZ Ceti stars we considered a fidu-
cial amplitude of 10 mmags. We designed each observation to
be sensitive to these properties by incorporating a fast cadence
(usually less than 60 seconds) and individual measurements of
the target that met or exceeded 10 mmags in precision (in the
Poisson limit, 10,000 photons/image). In Table 2 we report
on the details of our observations.
3.1. Aperture Photometry
All images were reduced using standard methods (bias sub-
tracted and flat fielded). In most cases, the CCD detectors
under-sampled the point spread function (PSF) of the stars
making PSF-fitting photometry highly imprecise. Therefore,
aperture photometry was executed using the Image Reduction
and Analysis Facility (IRAF)9 software package apphot. The
only exception to this analysis is PSR J1911-5958A where
unique HST observations required a different approach which
will be discussed later.
We performed differential photometry using multiple com-
parison stars inversely weighted to their intrinsic variance
9 IRAF is distributed by the National Optical Astronomy Observa-
tory, which is operated by the Association of Universities for Research
in Astronomy, Inc., under contract with the National Science Foundation.
http://iraf.noao.edu
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TABLE 2
DETAILS OF OBSERVATIONS
Object g′-SDSS Telescope/ Date Len. Exp. N. of
(mag) Camera/Filter (yyyymmdd) (hrs.) Time (s) Exp.a
SDSS J0822+2743 18.3 WHT/ACAM/g′ 20110220 2.1 30 137
SDSS J0849+0445 19.3 WHT/ACAM/g′ 20110117 1.9 60 96
SDSS J0917+4638 18.7 WHT/ACAM/g′ 20110220 2.3 45 145
SDSS J1330+0127 18.9 WIYN/OPT/BG39 20070530 1.6 90 57
SDSS J1435+3733 17.1 WIYN/OPT/BG39 20070529 1.5 15 197b
WIYN/OPT/BG39 20070531 1.9 15 233b
WIYN/OPT/BG39 20070601 3.8 45 259b
SDSS J1448+0112 19.6 WIYN/OPT/BG39 20070531 2.0 60 104
SDSS J2049+0005 19.7 WIYN/OPT/BG39 20070531 3.4 60 166
SDSS J2240-0935 17.6 P60/P60CCD/g 20060804 3.7 30 204
P60/P60CCD/g 20060817 4.5 100 73c
P60/P60CCD/g 20060919 1.1 30 57
P60/P60CCD/g 20060925 1.0 30 60
P60/P60CCD/g 20061205 0.9 30 59
LP 400-22 17.2 WIYN/OPTIC/g′ 20070530 2.4 20 269
NLTT 11748 17.1d FTN/Merope/g′ 20091222 4.0 45 198b
FTN/Merope/g′ 20100108 3.3 45 167b
PSR J1012+5307 19.5e WHT/ACAM/g′ 20100330 2.0 60 103
PSR J1911-5958A 22.2d HST/WFC3/F200LP 20100305 6.0 60 142
a Excludes images contaminated by cosmic rays, clouds, and excess noise.
b Also excludes images taken during eclipse.
c Observation contains large gaps.
d Magnitude in Johnson B.
e Magnitude in Johnson V .
over a single run of observation (a technique similar to that
used in Gilliland & Brown 1988 and Sokoloski et al. 2001).
We ensure all comparison stars are non-variable by compar-
ing each prospective star within the field-of-view with all oth-
ers in every combination and use periodograms to ensure no
periodic trends are present.
We employ a variable aperture algorithm to optimize the
signal-to-noise of our photometry in order to deal with the
varying PSF. For each observation, a single representative
frame was selected. For every star in the image we varied
the size of the photometric aperture to find that size which
optimized the signal-to-noise of the measurement. The opti-
mum apertures were then scaled by the average FWHM of
2D-gaussians fitted to each star. For all other images the
average FWHM of the stellar PSFs was measured and then
scaled using the appropriate optimum scaling. Therefore, as
the seeing fluctuates during an observation the apertures are
adjusted larger or smaller (a technique similar to that used in
Deeg & Doyle 2001).
Once we have constructed the light curve for our target star
there are often long timescale trends still present in the data,
usually caused by the color-airmass effect. We correct for this
effect by correlating our light curve with airmass and divid-
ing a fitted trend from the light curve. For some observations
this trend removal is insufficient as other systematics may be
present (e.g. variable sky background due to the moon). In
these cases low order polynomials (third order or less) are
used to remove this power.
3.2. Periodograms and Detection Limits
To detect pulsations in our light curve, we use a Lomb-
Scargle periodogram (Scargle 1982) because our observations
are frequently unevenly spaced and sometimes filled with
large gaps. In the ZZ Ceti stars, low amplitude pulsations
show pulse shapes that are closely approximated by sinu-
soids while high amplitude pulsations frequently show narrow
peaks in their shape (Fontaine & Brassard 2008). We feel this
justifies our use of a periodogram which is optimized for si-
nusoidal signals because the pulsations that are “in the noise"
are closely represented by sinusoids. High amplitude pulsa-
tions, though non-sinusoidal, should still be easily detected as
they will likely be well above the noise.
We have not found any significant pulsations from He WDs.
However, detection limits are still useful in both deciding if
additional observations are required and constraining theory.
We measure our detection limits by using signal injection and
the properties of a Lomb-Scargle periodogram. For a peri-
odogram normalized by the variance of the total light curve,
a false-alarm probability is naturally generated that states for
M independent frequency bins the probability that indepen-
dent and normal noise produces power greater than z in any
of the frequency bins is Prob(AnyPower > z) = 1 − (1 − e−z)M
(Scargle 1982; Horne & Baliunas 1986). Thus, a signal may
be considered 90% significant if it has a false-alarm proba-
bility of 10%. However, our noise may not be precisely nor-
mal and independent due to potential unresolved pulsations
and other systematic effects (such as atmospheric correlated
noise) that may cause our data to be slightly correlated. This
may cause us to slightly overestimate our detection limits.
Our simulations of normal random data distributed with the
same errors as our light curves have shown, however, that
this effect is minimal. We thus determine our detection limits
by injecting sinusoidal signals, integrated over the observa-
tion’s exposure times, at a single frequency and test all phases.
We then increase the amplitude of the signal until 90% of all
phases produce a peak in the periodogram at the injected fre-
quency that is 90% significant. Finally, all frequencies acces-
sible by the data are tested with this method. A low frequency
limit to the accessible frequencies is derived by testing the
low frequency content of the comparison stars where we do
not correct for color-airmass or other long period trends. We
report the low frequency limit as the highest frequency where
SEARCH FOR PULSATING HE WHITE DWARFS 5
the red-noise power drops below the 50% false-alarm proba-
bility level. All frequencies below this limit will be affected
by the color-airmass and long period trend corrections and are
thus not reliable. For all observations, this low frequency limit
is a few times larger than the sampling limit of the inverse of
the observation length. In all cases in this paper, the detec-
tion limits were largely independent of frequency allowing us
to state one detection limit over a range of frequencies. The
results of our observations are shown in Table 3 and summa-
rized in the next section and Table 1.
4. SUMMARY OF OBSERVATIONS AND RESULTS
In the course of this paper, several observing setups were
employed. Here we summarize the details of the telescopes
and instrumentation used.
The William Hershel Telescope (WHT) is a 4.2-m telescope
at the Roque de Los Muchachos Observatory on La Palma
in the Canary Islands. We used the ACAM imager and the
SDSS-g′ filter with a circular 8.′3 diameter field-of-view in a
2×2 pixel binning mode for an effective spatial resolution of
0.′′5pixel−1. Using the fast readout mode we maintain a total
dead-time of ≈11 s between exposures. All observations us-
ing this setup were carried out using Service Time, generally
at bright time (near the calendar full moon).
The Wisconsin Indiana Yale NOAO (WIYN) telescope is a
3.5-m telescope at the Kitt Peak National Observatory in Ari-
zona. We used the OPTIC imager (Howell et al. 2003) and
the broadband filter BG-39 (λc ≈ 480nm, FWHM ≈ 260 nm)
with a 9.′5×9.′5 field-of-view in a 2×2 pixel binning mode for
an effective spatial resolution of 0.′′28pixel−1. The total dead-
time between exposures was ≈10 s. All observations using
this setup were carried out in a single observing run that oc-
curred in late-May and early-June 2007.
The Palomar 60-inch (P60) telescope is a 1.5-m robotically
controlled telescope at the Palomar Observatory on Mount
Palomar in southern California. We used the P60CCD imager
and the Gunn-g filter with a 12.′9×12.′9 field-of-view with a
spatial resolution of 0.′′38pixel−1. We decreased readout times
by reading out half of the two CCD chips for a total dead-time
between exposures of ≈20–40 s. The large variation in dead-
time was due to a software issue in the telescope software.
This setup was used in late 2006 and early 2007, however,
most of the data taken during that time was for other projects
or was too degraded by weather.
The Faulkes Telescope North (FTN) is a 2.0-m roboti-
cally controlled telescope on Haleakala, Hawaii and is part
of LCOGT10. We used the Merope imager and the SDSS-g′
filter with a 4.′75×4.′75 field-of-view in a 2×2 pixel binning
mode for an effective spatial resolution of 0.′′28pixel−1. The
total dead-time between exposures was ≈22 s. This setup was
used in late-December 2009 and early-January 2010.
We used the Wide Field Camera 3 (WFC3) UVIS channel
and the F200LP filter (λc ≈ 490nm, FWHM ≈ 250 nm) on
HST. To decrease readout times and to avoid onboard mem-
ory buffer overflow we used the UVIS1-C512A-SUB subar-
ray, a 512×512 pixel sub-section of the CCD. This gave us a
20.′′5×20.′′5 field-of-view and a total dead time of 55 s. This
setup was used in March 2010 for 4 orbits (6 hours).
Most of our observations and objects were routine and the
results are well summarized in Tables 1, 2, and 3 and Figures
2–14. However, a few of our objects and observations require
10 http://www.lcogt.net
special discussion.
SDSS J1330+0127 was observed once using the
WIYN/OPTIC setup. No pulsations were detected to a
limit of 44 mmags over a frequency range of 0.3–5 mHz. This
observation was plagued by intermittent cirrus clouds and a
near full moon creating a high sky background. This object
has a measured logg = 5.56± 0.16 and Teff = 8,091± 75 K
(Eisenstein et al. 2006). The SDSS spectra were likely
contaminated by a companion star’s flux. A re-analysis
by Silvestri et al. (2006) measured logg = 8.1 ± 0.2 and
Teff = 10,617± 452K. This object is likely not a He WD.
SDSS J1435+3733 is a partially eclipsing binary system
of a C/O WD and M-dwarf discovered by Steinfadt et al.
(2008a) using the FTN/Merope setup. All frames in
eclipse were removed for pulsation analysis. No pulsa-
tions were detected to a limit of 4 mmags over a fre-
quency range of 0.9–17 mHz. This object has a measured
logg = 6.86± 0.04 and Teff = 11,062± 58K (Eisenstein et al.
2006). The SDSS spectra were definitely contami-
nated by a companion star’s flux (Steinfadt et al. 2008a;
Rebassa-Mansergas et al. 2007; Pyrzas et al. 2009). A re-
analysis by Rebassa-Mansergas et al. (2007) and Pyrzas et al.
(2009) measured logg = 7.62±0.12 and Teff = 12,536±488K
which gives a derived model mass of 0.41M⊙, near the C/O
WD and He WD composition boundary.
SDSS J2049+0005 was observed once using the
WIYN/OPTIC setup. No pulsations were detected to a
limit of 21 mmags over a frequency range of 0.4–7 mHz. This
observation was plagued by intermittent cirrus clouds and a
near full moon creating a high sky background. This object
has a measured logg = 5.48± 0.10 and Teff = 8,660± 144 K
(Eisenstein et al. 2006). Eisenstein et al. (2006) noted
multiple minima in their model fits as well as discrepant
SDSS-g′ band flux compared to best fit models and suggested
a logg < 5.0 was likely. Kilic et al. (2007a) confirmed this
finding and conclude that this star is likely a distant A2 star.
SDSS J2240-0935 was observed four times using the
P60/P60CCD setup. No pulsations were detected to a limit
of 14 mmags over 0.6–7 mHz. This object has a measured
logg = 6.96±0.09 and Teff = 11,449±205 K (Eisenstein et al.
2006). The SDSS spectra were likely contaminated by a com-
panion star’s flux. A re-analysis by Heller et al. (2009) mea-
sured logg = 7.5 and Teff = 13,000 K.
NLTT 11748 is the first totally eclipsing detached dou-
ble white dwarf binary system discovered by Steinfadt et al.
(2010b) using the FTN/Merope setup. All frames in eclipse
were removed for pulsation analysis. No pulsations were
detected to a limit of 4 mmags over 0.2–7 mHz. This ob-
ject has a measured logg = 6.54± 0.05 and Teff = 8,690±
140 K (Kilic et al. 2010a) with a derived mass of 0.18M⊙.
Shporer et al. (2010) found direct evidence for Doppler beam-
ing in a long timescale photometric survey. The Doppler
beaming signal was removed in the low order polynomial
division in the reduction and should only affect frequencies
less than 0.1 mHz (half the orbital period of 5.6 hours). In
the future, eclipse and radial velocity analysis will produce a
high precision measurement of the masses and radii of both
components in this object. Since its discovery, three addi-
tional eclipsing He WD binary systems have been discovered
(Pyrzas et al. 2011; Brown et al. 2011b; Parsons et al. 2011).
PSR J1012+5307 was observed one time using the
WHT/ACAM setup. No pulsations were detected to a limit of
20 mmags over the frequency range of 0.2-7 mHz. This object
has a measured logg = 6.34± 0.20 and Teff = 8,670± 300 K
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TABLE 3
RESULTS OF OBSERVATIONS
Object Date Filter Detection Frequency Figure
Limit (mmag) Range (mHz)
SDSS J0822+2743 2011/02/20 g′-SDSS 8 0.5–11 2
SDSS J0849+0445 2011/01/17 g′-SDSS 15 0.3–7 3
SDSS J0917+4638 2011/02/20 g′-SDSS 11 0.6–8 4
SDSS J1330+0127 2007/05/30 BG-39 44 0.3–5 5
SDSS J1435+3733 2007/05/29 BG-39 4 0.9–17 6
2007/05/31 BG-39 6 0.9–17 6
2007/06/01 BG-39 4 0.3–9 6
SDSS J1448+0112 2007/05/31 BG-39 34 0.5–7 7
SDSS J2049+0005 2007/05/31 BG-39 21 0.4–7 8
SDSS J2240-0935 2006/08/04 Gunn-g 22 0.3–7 9
2006/08/17 Gunn-g 13 0.3–2.25 9
2006/09/19 Gunn-g 14 0.6–7 9
2006/09/25 Gunn-g 16 0.7–9 9
2006/12/05 Gunn-g 48 0.5–9 10
LP 400-22 2007/05/30 g′-SDSS 4 0.5–15 11
NLTT 11748 2009/12/22 g′-SDSS 5 0.2–7 12
2010/01/08 g′-SDSS 4 0.2–7 12
PSR J1012+5307 2010/03/30 g′-SDSS 20 0.2–7 13
PSR J1911-5958A 2010/03/05 F200LP 16 0.05–3.25 13
with a derived model mass of 0.18M⊙ (Callanan et al. 1998)
and also logg = 6.75±0.07 and Teff = 8,550±25 K with a de-
rived model mass of 0.21M⊙ (van Kerkwijk et al. 1996). Nei-
ther of these measurements is obviously superior.
PSR J1911-5958A was observed one time using the
HST/WFC3 setup over 4 orbits. The photometric analysis for
this object was uniquely different than all other objects. Due
to crowding in the field (PSR J1911-5958A is in a globular
cluster) as well as the unique PSF of HST, aperture photom-
etry is not the most precise method. PSF-fitting photometry
is ideal since the PSF of the WFC3 instrument is well under-
stood (Jay Anderson, private communication). We used the
PSF-fitting software developed by Jay Anderson (similar to
Anderson & King 2006) to extract the photometry from our
data. Since most atmospheric and sky effects are nonexistent
in space, variable aperture photometry was not required or
used. We used 36 comparison stars with magnitudes between
17.5–25.0 to ensure the quality of our photometry. Due to a
stray light artifact, our background was increased by ≈30%.
No pulsations were detected to a limit of 16 mmags over the
frequency range of 0.05-3.25 mHz. This object has a mea-
sured logg = 6.44±0.20 and Teff = 10,090±150 K with a de-
rived model mass of 0.18M⊙ (Bassa et al. 2006a).
5. CONCLUSIONS
Of the 12 objects we observed in this paper, seven are likely
very low mass (<0.2 M⊙) He WDs. Whether or not these ob-
servations offer strong constraints on theory is currently an
open matter. First we must consider the accuracy of the logg
and Teff measurements that place these objects within the pre-
dicted pulsation parameter space. Unfortunately, very low
mass WD atmospheres are not well understood. Due to their
low surface temperatures (Teff . 9,000 K), the H atmospheres
are not sufficiently ionized and neutral broadening of the H
absorption lines plays an important role. The theory of neutral
broadening is not well understood and may account for signif-
icant errors in line widths (Barklem et al. 2000; Allard et al.
2004; Tremblay et al. 2010; private communication, Detlev
Koester). As such, the reported errors on logg and Teff for
these objects are always the statistical error of the fit to theo-
retical atmosphere grids and do not take into account the un-
certainties of the theory itself which can increase the uncer-
tainty by as much as a factor of two or more (private com-
munication, Detlev Koester). Further, the uncertainty of the
atmosphere theory is likely not random but rather a shift in
a specific direction in the Teff–logg plane, affecting the pa-
rameter space location of all very low mass He WDs. This is
why NLTT 11748 is such an important eclipsing binary sys-
tem (Steinfadt et al. 2010b). As a potential double-lined spec-
troscopic eclipsing binary, it could offer high precision model
independent determinations of both the mass and radius of the
He WD component providing a high precision constraint on
its gravity for which any atmospheric gravity measurement
must match.
Of added concern is the location of the instability strip
“blue" edge itself. Steinfadt et al. (2010a) derived the “blue"
edge to be where pulsation modes of eigenvalues ℓ = 1 and
n = 1 were driven. This offers a temperature upper limit to the
ℓ = 1 instability strip because the “blue" edge shifts redward
when higher radial orders of n are considered. In the few cases
where pulsation mode eigenvalues have been identified obser-
vationally (e.g. HL Tau 76, Pech et al. 2006; G117-B15A and
R548, Bradley 1998) the highest amplitude observed modes
range in n from 1 to several 10s. If very low mass He WDs
preferentially only excite the higher radial order modes, then
the blue edge could shift redward by a few 100 K potentially
removing our three best candidates from the potential instabil-
ity region. Uncertainties in the precise convective efficiency
and the lack of a detailed non-adiabatic analysis could further
shift this blue edge by another several 100 K in either direc-
tion (Winget et al. 1982a; Fontaine & Brassard 2008).
An additional observational concern is whether our detec-
tion limits are truly meaningful. Only NLTT 11748, LP 400-
20, SDSS J0822+2743, and SDSS J1435+3733 met our fidu-
cial pulsation limit of 10 mmags and only NLTT 11748,
SDSS J1435+3733, and SDSS J2240-0935 were observed
more than once. It is well known that pulsation ampli-
tudes can be small, 3–4 mmag, and vary in detectability from
one night to the next (Mukadam et al. 2006; Steinfadt et al.
2008b). Therefore additional observations are required for
many of our objects to both tighten their detection limits and
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gain multiple epochs of observation so that these null detec-
tions can be even more convincing.
Finally, the theoretical analysis by Steinfadt et al. (2010a)
involved only an extension of the Brickhill convective driv-
ing criterion using adiabatic assumptions which may not be
valid at the lower gravities of the very low mass He WDs.
Further, very little theoretical work has been done between
0.2-0.45 M⊙ (Althaus et al. 2004; Arras et al. 2006). To ad-
dress these concerns, an extension of the non-adiabatic driv-
ing work by Brickhill (1991) and Wu & Goldreich (1999)
should be used to firmly predict the location of the He WD
instability strip.
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FIG. 2.— The light curve and Lomb-Scargle periodogram for SDSS J0822+2743 for observations taken at WHT/ACAM on 2011 February 20. The dashed
(dotted) line in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency bins.
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FIG. 3.— The light curve and Lomb-Scargle periodogram for SDSS J0849+0445 for observations taken at WHT/ACAM on 2011 January 17. The dashed
(dotted) line in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency bins.
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FIG. 4.— The light curve and Lomb-Scargle periodogram for SDSS J0917+4638 for observations taken at WHT/ACAM on 2011 February 20. The dashed
(dotted) line in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency bins.
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FIG. 5.— The light curve and Lomb-Scargle periodogram for SDSS J1330+0127 for observations taken at WIYN/OPTIC on 2007 May 30. The dashed (dotted)
line in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency bins.
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FIG. 6.— The light curves and Lomb-Scargle periodograms for SDSS J1435+3733 for observations taken at WIYN/OPTIC on 2007 May 29, 31, and June 1.
The dashed (dotted) line in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency bins.
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FIG. 7.— The light curve and Lomb-Scargle periodogram for SDSS J1448+0112 for observations taken at WIYN/OPTIC on 2007 May 31. The dashed (dotted)
line in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency bins.
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FIG. 8.— The light curve and Lomb-Scargle periodogram for SDSS J2049+0005 for observations taken at WIYN/OPTIC on 2007 May 31. The dashed (dotted)
line in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency bins.
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FIG. 9.— The light curves and Lomb-Scargle periodograms for SDSS J2240-0935 for observations taken at P60/P60CCD on 2006 August 4 and 17 and
September 19 and 25. The dashed (dotted) line in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency
bins.
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FIG. 10.— Continuation of Figure 9 for observations taken on 2006 December 5.
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FIG. 11.— The light curve and Lomb-Scargle periodogram for LP 400-22 for observations taken at WIYN/OPTIC on 2007 May 30. The dashed (dotted) line
in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency bins.
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FIG. 12.— The light curves and Lomb-Scargle periodograms for NLTT 11748 for observations taken at FTN/Merope on 2009 December 22 and 2010 January
8. The dashed (dotted) line in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency bins.
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FIG. 13.— The light curve and Lomb-Scargle periodogram for PSR J1012+5307 for observations taken at WHT/ACAM on 2010 March 30. The dashed (dotted)
line in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency bins.
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FIG. 14.— The light curve and Lomb-Scargle periodogram for PSR J1911-5958A for observations taken at HST/WFC3 on 2010 March 3. The dashed (dotted)
line in the periodogram represents the 10% (50%) false-alarm probability thresholds given the number of frequency bins.
